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PORSSfORD 


This  report  summarizes  experimental  work  on  auditory  masking 
and  fatigue  and  the  Intelligibility  of  spoeoh.  The  work  was  ini- 
tiated under  Contract  AP  l8T600)-131  between  the  Aero  Medical  Lab- 
oratory, Wright  Air  Development  Center  and  the  Central  Institute 
for  the  Deaf.  Major  Horace  Oi  Barrack  was  the  Project  Engineer 
for  the  Aero  Medical  Laboratory  under  the  authority  of  RDO  R-o95'*o3ji 
”Vlbration,  Sonic  and  Mechanical,  Action  on  AP  Personnel.” 

All  of  the  e^erlmental  work  has  been  carried  out  either  by 
or  under  the  direct  supervision  of  the  Principal  Investigator. 

Others  vh.o  participated  directly  in  the  experiments  were  Graduate 
Research  Assistants 3 Elizabeth  0.  Reynolds",  Wallace  D.  Bowman,  and 
Maurice  Joseph.  The  construction,  saiatanance  and  calibratioji  of 
apparatus  was  carried  out  by  Dr.  Robex*t  W.  Benson  (Research  Asso- 
ciate} and  Mr.  Jules  Detehemendy  (Tsehnioian)  • Dr.  Benson  also 
siiparvl-sed  tee  analyslg  and  mees\ireinsnt  of  acoustic  stimuli. 

In  addition  to  the  persons  directly  associated  with  this 
contract,  others  have  contributed  to  the  planning  and  execution 
of  the  experiments.  We  were  particularly  fortunate  in  having 
available  the  good  counesl  of  Dr*  S=  Richard  Silverman  and  Dr. 
Hallowell  Davis  of  Centrel  Institute. 


WADG  TR 


ABSTRACT 


This  report  avmmarlzma  research  on  audltoz^  auisking  and 
fatlg\M  initiated  under  Contrsict  No.  AF  i3{6Q0)-131.  The  main 
results  concern  the  threshold  of  intelligibility  for  spondaic 
words  as  a function  of  the  level  of  various  bands  of  noise  and 
the  intelligibility  of  several  types  of  speech  material  as  a 
i unction  of  either  the  level  of  white  noise  or  the  amount  of  fre- 
quency restriction  in  a noiseless  system.  The  bibliography  in- 
cludes two  published  articles  (1,  2)  resulting  from  this  work 
in  which  the  detailed  procedrjires  and  results  may  be  found.  A 
final  section  describes  further  work  on  masking  and  fatigue  that 
was  initiated  under  this  contract  but  was  incraqplete  on  the  ter- 
mination date. 
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SECTION  I 


IKTROD13CTION 


Bost  of  tti©  experimental  srcapk  to  be  reported  steimoed  from  a 
desire  to  specify  more  preciasiy  the  icmd  of  impairment  arsf fared 
d\a*ing  3sposiu*e  to  lond  noise.  These  problems  fall  naturally  into 
two  categories.  The  first  heis  to  do  with  the  effeot  of  noise  on 
the  audibility  and  intelligibility  of  other  sotmds  co-existing 
with  the  noise.  These  problems  center  around  the  phenomenon  of 
axiditory  saaskl'.ngi  and  we  hav'  been  concerned  primarily  with  the 
masking  of  apoech.  The  second  set  of  problems  has  to  do  with  the 
effects  of  blgh-intensity  noise  on  the  auditory  system  - - either 
temporary  or  permanent  effects  - - after  the  noise  has  ceased; 
here  auditory  fatigue  is  involved. 

The  more  successful  s^Qi'erimental  work  has  been  chiefly  in  the 
area  of  masking  and  other  mat  bers  related  to  the  intelligibility 
of  speech.  In  these  ej^erlments  an  attempt  was  made  to  fill  in 
the  gaps  among  results  reported  by  previous  investigators  with 
the  long^tsxra  view  of  maMng  the  intelligibility  of  different 
kinds  of  speech  predictable  from  knowledge  of  the  type  of  trans- 
mission system  to  be  used  and  the  acoustic  environment  in  idiloh 
it  is  used,  xne  results  have  bssn  published  in  paners  by  Hirsh 
and  Bowman  (1)  and  by  Hlrsli»  ciuuid  Joseph  (2). 


SECTlOBf  II 
CCHFLETED  RESEARCH 


Masking  of  Speech  by  Bands  of  Noise; 

When  a sound  Is  made  less  audible  by  a second  sound  or  noise, 
mas^yt  has  ocotxrred.  In  the  case  of  speech,  masking  can  be  meas- 
urod  in  at  least  two  different  ways.  First,  wo  can  measure  the  in- 
crease in  the  intensity  of  the  speech  necessitated  by  the  noise  or 
m&sld.ng  sound  so  that  the  speech  will  be  Just  as  intelligible  as  in 
the  qxildt.  The  sinplest  method  for  such  a mBasurement  involves  the 
shift  in  the  threshold  of  intelligibility  brought  about  by  the  noise 
or  me  airing  sound.  In  the  second  procedure,  l^e  speech  in  held  at 
a giveii  level  while  the  decrease  in  Intelligibility  or  astioulation 
score  brought  about  by  the  noise  is  measured. 

1.  Background 

The  first  procedure  wa?  used  in  a study  by  Hawkins  axsd  Stevens 
(3)  to  measure  the  tbrosheld  of  Intelllgiblll^  for  continuous  dis- 
oowpss  as  a function  of  the  intensity  of  a white  noise  (constant 
energy  per  cycle  tro  to  7OOO  ops).  In  general,  their  results  show 
that  when  the  spee^  level  (peaks)  is  as  little  as  8 db  below  the 
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overall  level  of  the  whits  noise,  the  gist  of  continuous  discourse 
is  still  understood  by  ].istener3. 

On  the  basis  of  such  information  alone,  we  cannot  predict  the 
masking  that  woxald  bo  effected  by  the  variety  of  different  noises 
found  In  the  viciniil;y  of  aiiilt€u?y  aircraft.  It  was  decided,  there- 
fore, to  uae  bands  of  noise  as  masking  soimds  In  order  to  measure 
the  different  masking  affects  associated  wltii  variotis  fi^quenoy 
regions  and  to  aid  in  predicting  the  amount  and  kind  of  masking 
that  would  bo  brought  about  by  different  noises  of  known  but  com- 
plex spectra. 

Other  investigators  had  employed  bands  of  noise  as  masking 
stimuli  but  none  in  connection  with  the  threshold  of  intelligibili- 
ty response).  Por  exai^lc,  iCiller  (It.)  held  tbs  presentation 

of  lists  of  mcnosyllabic  words  (PB-lists)  at  a fixed  level  and  then 
measured  the  articulation  score  as  a function  of  the  intensity  of 
the  noise  for  each  of  several  bands  of  noise.  Many  of  his  bands 
were  so  ineffective  as  maskeru  that  the  artioiilation  score  never 
dropped  below  and  merer  ore  one  ouuld  not  show  how  the  thresh- 
old signal -to-noise  ratio  varied  as  a function  of  frequency  band 
for  monosyllabic  words.  For  irtilte  noise  (2O-4.OOO  epaf,  however. 
Miller’s  data  show  that  the  threshold  of  intelligibility  occurs 
when  the  speech  level  Is  about  Z db  higher  than  the  noise  level. 

The  difference  between  the -3  db  signal-to-nolse  ratio  of  Hawkins 
and  Stevens  (3)  *tn,d  the  -i-2  db  of  Miller  (Ij.)  may  reflect  the  dif- 
ference between  continuous  dlsoowse  and  monosyllabic  words. 

In  this  first  study,  it  was  planned  to  measure  tlie  threshold 
of  intelligibility  for  relatively  easy  material  as  a function  of 
the  level  of  bands  of  noise.  The  basic  measurement  was  similar 
to  tb.at  of  Hawkins  and  Stevens  (3)  fi^le  the  band  limits  of  the 
noise  were  aJ.most  the  same  as  those  of  Hiller  (4). 

2.  E3q>erimental  Procedure 

Spondaic  words  on  phonograph  records  were  enmloyed  as  speech 
material  (CID  Auditory  Test  W-2,  see  Birah  et  al,  $)•  Sloven  bands 
of  noise,  each  equivalent  to  a pitch  intervSC  "of  Z$G  mels,  and  a 
white  noise  (2O-06OO  ops)  were  used  as  masking  svimoli.  basic 

datvmi  reported  was  the  threshold  of  intelligibility  artleula- 

tion  score)  for  spondaic  words  as  a function  of  the  level  cf  each 
of  these  bands,  from  the  quiet  to  120  db  per  beusd.  The  details 
of  procedure  and  of  the  stimuli  used  are  given  in  the  report  of 
BLrsh  and  Bowman  (1). 

3*  General  Hesults 

When  the  speech  level  and  the  noise  level  are  plotted  on  abso- 
lute scales  (in  db  relative  to  0.0002  miorobar),  the  resulting 
masklBg  function  is  linear  between  $0  and  120  db  noise  level,  indl- 
cating~a  8lgn&l-to-nois«>  ratio  of  about  -13  db  for  the  threshold 
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<if  ititalligiblllty  of  spoMaea.  This  rieans  that  in  the  presenoo 
of  a bx*oad->spectz*^  nolsOf  the  speech  peaka  corresponding  to  vowel 
ener^  may  be  as  low  as  15  db  below  the  overall  noise  level  and 
still  yield  a $0%  score  for  spondaic  words.  This  threshold  S/i^ 
ratio  is  about  1 db  lower  than  that  reported  by  Hawkins  and 
Stevens  (3);  the  difference  is  probably  due  tu  tho  uxffex’Onc^  sjS— 
tween  spondees  and  continuous  discourse  (see  below). 

An  equivalent  amount  of  energy  squeezed  into  ssjy  one  of  the 
bands  used  is  a less  effective  laasklog  sound  than  idsite  noise. 

The  moat  effective  bands  lie  in  the  frequency  range  67O-19OO  ops. 
The  bands  Involving  higher  frequencies  yield  sXl^^tly  less  mas^ngf 
but  the  lowest  bands  (2Q-l6o  and  l60-394  ®P«)  the  least  effec“ 
tive.  A typical  threshold  signal*^ to>noise  ratio  for  the  middle 
frequency  baiads  is  about  -25  db,  while  a similar  value  for  the 
higitost  and  lowest  bands  is  as  low  as  -6o  db«  These  relations 
hold  generally  whether  the  noise  level  is  given  as  level  per  band, 
leveX  per  cycle  or  a enasti  on  level-s 

The  shapes  of  the  functions  that  relate  the  masked  Uireshold 
to  the  level  of  masking  noise  are  also  of  inportance.  The  masked 
threshold  increases  linearly  with  the  level  of  white  noise  or  of 
those  middle-frequency  bands  that  yield  the  moat  masMng*  Banda 
of  noise  .Involving  frequencies  above  ll|.00  cpa,  however,  all  show 
a slight  positive  acceleration  idilch  appears  to  remain  to  the 
highest  level  tested  U20  db).  This  fact  is  of  extreme  importance 
so  long  as  w©  must  extrapolate  the  effects  of  masking  to  even 
J’d.gher  (untested)  levels.  The  two  lowest  bands  also  show  positive 
aecsl€iration,  but  these  functions  appear  to  inflect  and  show  nega- 
tive acceleration  by  the  time  the  noise  level  has  reached  1^  db. 
It  appears,  therefore,  that  the  extrapolated  effects  of  noise  bands 
al)ovV  1^0  db  would  be  relatlvelT  m^e  severs  for  frequencies  ;^ove 
1^00  ops  than  for  frequencies  feelow  hOv  ena.  BeMombly  goon  pre- 
diction. 'basea  on  a linear  function,  appeeurs  to  hold- for  Ikcida  be- 
tween W and  iKoy  cpT: 


Holae  Threshold  and  the  Crltioal  Band: 

Background 

A critical  band  is  defined  as  a band  of  noise  that  just  riiasks 
a ptire  tone  and  whose  width  is  such  that  the  total  energy  in  the 
hand  Is  equal  to  that  of  the  pwe  tone  being  masked*  This  concept 
b«ff  been  most-  useful  in  predicting  the  masking  of  pure  bones  by 
noise  with  known  spectra.  The  original  definition  and  the  aairllar 
msastcrements  of  the  critical  band  width  around  different  frequ®^®!®® 
have  been  essentially  corroborated  by  Hawkins  and  Stevens  OJ*  An 
fllterna.tlva  definition,  derived  1*  .^cally  from  a physiologloal  inter- 
pre1»^on  of  the  critical  band,  would  be  that  a critical  band  of 
noise  ^otxld  have  the  same  absolute  tissue shold  as  a pure  tone  in  the 
cen^ber  of  the  band.  This  second  definition  was  tested  in  our  own 
e3q>eriiBant8  • 
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2e  Bxp9riEM»ntal  ivooedicr’e 


In  order  to  be  eble  to  sire  the  lerei.  of  ^e  noise  bands  issed 
In  the  study  sunnarl'sed  above  in  terms  of  sensatiim  level,  a pre- 
llminajy  ese^eriment  was  designed  to  measure  the  absolute  tbreabolds 
of  the  11  bands  and  the  white  noise.  The  details  of  procedure  are 
given  in  the  Hirsh  and  Bowmsn  paper  (1)* 

3«  General  Besults 

The  original  thresholds  were  meas-ored  in  terms  of  the  total 
sound  pressure  level  in  a given  band.  The  width  of  each  band  (in 
db  « 10  log  bandwidth  in  ops)  was  subtracted  from  these  measm’es 
to  g5.ve  thresholds  in  sound  pressure  level  per  cycle.  To  these 
thresholds  were  added  the  critical  band  widths  corresponding  to  the 
center  frequencies,  aoeoz'ding  to  the  neasurementa  of  HawJd.:as  and 
Stevens  (3;.  The  final  results,  that  is,  the  threshold  for  each 
band  in  sound  pi  ^ssxu'e  lerel  per  critical  band,  agreed  precisely  with 
the  iBinlmrm  audlb2.e  pressures  for  pure  tones  reported  in .^thua  ^assi- 
oal  paper  of  Sivian  and  White  (6)  (see  Fig.  2,  BlrSh  and  Bowman,  I). 
The  esceptlcm  to  this  agreement  occurs  in  the  land  20-l60  ops.  In 
future  Studies  it  is  planned  to  re^measure  this  critical  bandwidth 
for  low  freqaeneles. 


Masking  of  Different  Speech  Haterialsi 

1.  Bac^rousd 

There  are  many  inooiUSlster.clee  among  studies  of  -the  intelllgl'- 
bility  of  speech  like  the  one  referred  to  above  in  oonneotlon  with 
the  signal- to-noise  ratio  that  describee  the  threshold  of  inteXli- 
glbility'.i  ^wklns  Stevens  (3)  report  about  -6  db  for  continu- 
ous disohwse^  Miller  (1|.)  reports . shout  4-2  db  for  monosyllabic 
words,  and  SLrsh  and  Bowman  (1)  report  a f igurr  low  as  -15  db 

for  spondees.  All  these  pertain  to  very  similar  white  masking 
noise.  Since  it  is  almost  impossible  to  decide  whether  all  or 
only  part  ^ these  differences  in  threshold  atb  due  to  the  differ- 
ences in  speech  material,  or  to  different  talkers  and  listeners, 
a study  of  &e  masking  of  different  kinds  of  speech  materials, all 
spoken  by  the  sause  talkera  and  tested  with  the  ssma  listeners, was 
planned. 

2.  Bsperimental  Procedure 

Speech  materials  were  oos^osed  of  four  200-item  lists,  eaoh 
containing  5^  noeise&se  syllables,  50  utonosyllabic  words,  ?5  di= 
syllabi r -79rd8  (^  of  'title  spondaic^  2$  ot  tiie  troohale  and  25  of 
the  laahie  stress  pattern)  25  words  with  more  than  two  syll- 
ables. Four  t^kati,  representing  a variety  of  General  American 
speech,  recorded  different  'versions  of  these  lists  which  wore  tiien 
presented  -to  a crew  of  fits  listeners,  in  the  quiet  and  in  -the 
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presence  of  i^ta  noise  at  various  noise  levels , la  this  studj  tlm 
t^eshold  of  intelligibility  was  not  xi^asured;  instead*  the  speech 
m&B  presented  at  four  diffez*ent  levels  in  the  presence  of  each 
noise  level  and  ^e  threshold  of  intelligibility  was  calcxaatod 
by  Interpolation  on  the  function  that  relates  articulation  score 
for  each  type  of  speech  staterial  to  S/N  ratio*  The  details  are 
given  in  the  paper  by  Hirsh.  Hsynolds  and  Joseph  f2). 

3*  General  Results 


Pigtires  h through  8 in  the  con?>letea  report  of  Hirsh,  Heynolda 
Joseph  (2/  show  the  articulaticn  socre  for  the  different  kinds 
of  syllables  and  words  as  a function  of  the  speech  level  in  the 
quiet  and  of  the  S/K  ratio  at  foxir  different  noise  levels,  3’0,  ?0, 
90,  and  110  db  above  0*0002  mioro'bar.  In  general,  these  results 
show  that  the  aioat  difficult  material  (nensense  syllables  and  mono- 
syllabic words)  reaches  maximum  intelligibility  at  a S/N  ratio  of 
+5  '^lile  the  polysyllfibie  and  di.syllabic  words  are  already  quite 
intelligible  at  8/N  ratios  of  about  -S  Shf>  An  additional  figure 
shows  the  threshold  of  intelligibility  v50J^  articulation  score)  for 
these  speech  materials  as  a funoticn  of  noise  level.  The  threshold 
S/N  ral^o  varies  from  about  -2  db  for  nonsense  syllables  and  mono- 
syllabic words  to  -12  db  for  the  most  intelligible  apoxidaio  words. 
These  ratios  hold  essentially  constant  for  all  noise  levels  used 


to  110  db). 


Al'^ough  these  res'ults  are  reliable,  it  shoxild  be  emphasized 
that  they  hold  only  for  these  experimental  conditions.  A statia- 
tioal  analysis  by  which  one  can  reckon  the  inf luej^ce  of  different 
talkers  and  different  listeners  is  reported  in  the  paper  (2).  The 
most  iie^ortant  restriction  is  that  the  data  hold  only  for  wM.te 
noise « 


Effect  of  Filtering  on  Different  Speech  Materials; 

1.  Background 

Ine  results  reported  in  the  preceding  paragraph  show  that  the 
effact  of  noise  is  different  on  the  Intelligibility  of  different 
apaeoh  materials.  We  wished,  tberefore.  to  study  the  affects  on 
these  same  materials  of  another  kind  of  system  impairment.  Early 
studies  at  the  Bell  Telephone  Laboratories  (7)  shewed  the  effect 
of  high-p&ss  and  low-pass  filtering  on  the  Intelligibility  of  non- 
sense syllables.  Very  slgr.lflcant  theoretical  work,  exilndnating  in 
the  oonoept  of  artioula.tion  index  of  French  and  Steinberg  (6).  has 
been  based  largely  on  those  studies.  Pr-ench  and  Stelnbe7.’g  (8)  pro- 

ms  wwsiw  w ^ cmA' VA  ^OmJLCI 

be  calcinated  from  the  physical  characteristlos  of  a transmission 
system.  Then  this  quantity  was  related  to  measured  syllable  artio- 
idation,  the  end  result  being  the  possibility  of  predicting  syllable 
articulation  from  the  physical  eharaeterl sties  alone* 
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Tbs  t^o  ehftjraeterlsticss  needed  for  ©alc'dlation  of  tb®  artiou> 
latlon  index  are  tfee  rssponss-freqttanoy  oheractaristlc  of  the  trana- 
laission  system  and  the  sp6ctx*um  leTrel  of  the  noise.  In  brief » Ibe 
articulation  index  is  contribut-ed  to  equally  by  euah  of  EG  xreqaenoy 
bands,  and  one  oaJ.culates  the  s/N  ratio  in  eaoh  of  these  bands  to 
find  the  artioulation  index.  Since  we  already  had  data  on  the  mask- 
ing of  different  epeeoh  ma/^rlals  (1,  3$  l|-)$  tiow  wished  to  use 
'che  same  materials  under  xilteriiig  to  note  whether  or  net  the  same 
relations  aaong  the  iateiiigibllittea  of  these  different  speech 
isaterials  would  remain  under  various  kinds  cf  system  1^ aliment. 

2.  E^erimental  Procedure 

The  same  speech  materials  were  vaed  as  in  the  preceding  study. 
MO  noise  was  used.  Instead,  the  speech  was  passed  througb  systems 
in  which  ail  of  the  frequencies  ^ove  or  below  a certain  cutoff 
frequency  were  eliminated.  The  cutoff  frequencies  were  in  octave 
relation  to  20G  eps  to  62fOO  cps.  The  frequencies  were  chosen 
in  such  a way  that  even  the  easiest  material  yielded  very  low 
scores  at  the  worst  conditions  and  even  the  most  difficult  material 
yielded  fairly  high  scores  at  the  best  conditions.  Again,  the  de- 
tails of  procedure  may  be  found  In  the  coBQ>leted  report  of  fiirsb, 
Reynolds  and  Joseph  (2). 

3*  General  Results 

In  genarsil,  the  order  of  intelligibility  azaong  the  different 
speech  mat-eri^s  is  the  same  under  filtering  as  imder  masking,  with 
one  exception?  the  spondees  are  the  most  intelligible  under  sasklsg, 
with  polysyllables  and  the  other  two  types  of  disyllables  less  in- 
telligible, but  under  filtering,  the  polysyllables  are  the  most 
intelligibl#  while  all  tbs  disyllables  stay  qu5.te  close  together 
in  Inteniglbllifcy. 

Usl?^  the  nonsense-i^llabla  articulation  for  different  filter 
settings  and  different  s/R  ratios  as  a reference,  we  liave  coxq^ared 
the  intslll^bllities  of  the  other  materials.  In  general,  a given 
syllable  score  does  not  yield  the  same  word  score  under  filtering 
as  It  dees  under  !9a3ld.sgs  The  differences  are  smalls  st  for 
BK^nosyllablo  words  and  greatest  for  tbe  easier,  longer  wwds.  In 
other  words,  even  if  the  articulation  index  were  foimd  to  predict 
imi vocally  avll&ble  articulAtiaa  under  a variety  of  cenditi^as, 
these  syllfibie  scores  would  not  uni  vocally  predict  the  scores  for 
other  bnses  of  speech  material  mder  the  same  conditions. 

As  for  the  validation  of  the  artioulati<m  index  Itself  in  this 
study,  we  find  Ihgt  syllable  scores  are  predicted  very  well  from 
such  caloulation  i^en  the  S/N  ratio  is  high,  that  is,  when  the 
Bcords  being  affected  mostly  by  restricting  tbe  f^queney  band. 
m?mti  s/S  ra^cs  are  low  and,  tlkerefore,  primarily  responsible  for 
decreasing  the  intelligibility  of  the  speech,  the  artioulation  in- 
dex does  not  predict  well.  We  believe  this  Isok  of  predleticn  to 
be  based  on  an  as  yet  unspecified  relation  between  the  index  and 
tbe  3/N  rati.o  in  any  ^ven  band. 
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Masking  of  Olieka  by  golaai 

la  Backgraimd 

One  of  the  latoreatlng  results  reported  by  ISlrsh  and  Bowman  (1) 
in  oonneotion  with  the  sMf  fe  of  the  threshold  of  IntelliglbllltT  due 
to  Increasing  lerels  of  aes:king  noise  was  that  the  function  relating 
threshold  tw  noise  level  was  sigmoid  In  shape  whan  the  vasking  uois€ 
contained  only  freouenclea  below  IjjOO  ops»  Such  curves  besr  a strlk* 
ing  reaemblwce  to  certain  curves  in  th®  classical  study  of  Wegel 
and  Zitone  (9)  on  the  masking  of  tones  by  tonea^  particularly  those 
that  show  the  aiasking  of  a purs  tone  by  another  pure  tone  of  lower 
fre(juenoy«  Both  of  these  resemble  the  somewhat  stranger  xnasking 
funoticMos  that  show  the  masklDg  of  brief  ftooustio  clicks  or  trans- 
ients by  noise,  as  reported  by  Htrahs  Roseabllth  and  Ward  (10). 
FartiCularly  this  last  paper  showed  mask5.ng  to  increase  with  noise 
level  over  the  initial  range  of  intensities^  then  to  remain  constant 
or  rise  only  slightly  over  tibia  neatt  range  of  intensities  and  flnallv, 
to  rise  steeply  with  noise  level  over  Sie  highest  range.  It  was 
auggestsd  that  such  a function  sight  have  something  to  do  with  the 
relation  between  the  spectra  or  x>ec[uencies  of  the  masked  «nd  mask:lng 
sounds  It  Such  curvUinaarity  could  be  chained  to  linearity^  for  ex- 
anqple,  imen  both  the  noise  and  the  clicks  were  passed  thnbngh  the 
sasw  filter.  Siiallarly,  In  the  Hirsh  and  Bowman  study  (1),  ourvll- 
Inearity  resulted  when  the  masked  sound  (speech)  included  more  ■St*®— 
quencies  than  the  masking  sound  (low— frequency  bsmds  of  noise). 

2.  Szperiaental  Procedure 

In  order  to  specify  acre  precisely  the  relations  of  the  spectra 
of  the  masked  and  iiaaklng  sounds  to  tiia  shape  of  the  masking  func- 
tion, an  extension  of  the  study  of  Hirsh,  Hosenbllth  and  Ward  (10) 
wee  planned.  Acoustic  clicks  were  generated  by  passing  the  output 
of  a pulse  generator  to  an  earphone i The  electrical  signals  were 
rectangular  pulses  of  variable  duration  and  a fixed  repetition 
rate  of  2 ptilses  per  second.  We  did  not  atteaq>t  to  manipulate  the 
spectrum  of  tixe  clicks  by  filtering,  but  rather  only  by  varying  the 
duration.  The  «ssuiiq>tion  was  that  the  shorter  the  click  the  more 
emphasis  would  be  placed  on  hi^  frequcnsi9s=  !Sils  is  highly  ©ver- 
sii^lified,  h^ever,  because  the  earphone  itself  modifies  a rectang- 
ular pulse  considerably.  The  speotrisi  of  the  noise  was  controlled 
si&ply  ?jy  Vvarylng  the  tq>per  cutoff  frequency  of  an  electronic  low- 
pass  f5>lter. 


/ 
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3»  General  Results 


u?b®  oTtt'ves  of  Hi  rah,  Eosen'blir.h  and  Ward  (10}  were  reproduced 
when  brief  clicks  were  masked  by  noise  containing  only  freVosnoies 
up  to  6000  or  7000  ops.,  A linear  function  was  obtained,  however, 
when  noise  frequencies  were  allowed  to  extend  to  20,000  ops  • xlxo 
break:  between  curvl linearity  and  linearity  appears  as  the  spectrum 
of  the  noise  begins  to  Include  frequencies  above  7OOO  ops. 

Further  study  is  required  to  determine  whether  this  frequency 
region  depends  entirely  on  the  duration  of  ttie  click  (and  thus, 
by  inference,  on  its  spectrum)  or  ^feather  it  depends  more  on  the 
rsspcnss-vs-frsquenoy  c-baractarlstlc  of  the  earphone.  With  such 
dependencies  either  made  fast  or  eliminated,  the  role  of  the  ear 
Itself  may  then  be  ascertained.  It  is  anticipated  that  the  hamonic 
distortion  introduced  by  the  middle  ear  ssshanisia  will  figure  large 
in  determlnins  the  shape  of  the  ms.  sking  fiinction. 


Recovery  from  Short-Term  Auditory  Fatigues 

1 . Backgroiand 

One  of  the  outstanding  facts  in  the  study  o.t  slt-hsr  temporary 
or  permarient  auditory  aftc2* -effects  from  acoustic  atlmulation  is 
high  variability  among  individuals.  In  an  attempt  to  bring  some 
order  out  of  the  observed  chaos,  we  wished  to  set  up  an  experiment 
In  which  precisely  controlled  stimulatlxig  conditions  might  yield 
a few  sets  of  observations  tihat  could  be  called  general. 

2.  E3q)eriinenta3,  Procedure 

Preliminary  investigations  involved  stimulati.on  by  noise  or  by 
bands  of  noise  for  periods  of  time  ranging  from  a few  seconds  to 
several  minutes,  While  holding  the  stimulating  Intensity  at  either 
ICO  db  or  120  db  re  0.0002  Merobar.  An  instrument  was  construe  ted 
J.n  oxir  shop  that  permitted  the  study  of  a continuous  threshold  re- 
covery function  for  a sing1.e  p\jre  tone  or  band  of  noise*  Basically, 
this  Instrument  is  an  adaptation  of  principles  laid  down  in  the  des- 
cription of  a new  audiemeter  by  Bekesy  (11)  and  modified  apeelfl- 
oally  for  this  purpose  by  Hirsh,  and  Ward  (12)* 

3.  General.  Results 

Fo  gerteral  ohservatloas  can  be  reported  at  this  time.  Indivi- 
dual variability  and  the  variability  in  the  seas  individual  from  time 
to  time  remains  large  and  of  enough  significance  to  obscure  general 
relations. 

Gex*taln  specific  problems,  however,  have  been  suggested  by  t'oa 
data  collected  sc  f<ar.  For  exas^le,  it  is  not  certain  that  the' 
amount  of  fatigue  at  a given  time  after  exposure  Is  monotonically 
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related  to  the  d=irat-lon  or  the  intensity  of  ozposure*  It  appears 
possible  that  there  are  certain  critical  durations  and/or  intanal- 
tlea  above  which  the  fatigvie  may  be  less. 


i'hia  study  Is  to  be  continued  and  it  is  planned  to  change  the 
e^qjerimsntal  procedure  ccntiauaXly  until  sos  - kina  of  variance  is 
revealed*  In  the  sclenliflc  faith  that  ordsjr  maj  be  bought  to 
eitg)iplcal  observations,  we  assume  that  these  inconclusive  results 


are  net  simply  result  of  phenomenon  that  cannot  be  atudiedi 
rather  wa  believe  that  wo  have  not  yet  discovered  the  ;.;ipr  opr  late 
metbofil  of  study. 


Masking  Spectrum  for  Bands  of  Nolst : 

This  study  was  discontiauen  almost  as  eocu  as  ii  was  started 
because  of  o\ir  interest  in  end  subsequent  pr  ‘‘rtsopf' olon  the 

masking  effects  of  these  bands  of  noise  on  epeaeh.  It  is  pl^nnad 
to  use  our  Beke'sy  audiometer  in  obtaining  precise  masking  spectra 
for  different  bands  of  noise,  and  to  give  special  attention  to 
the  shift  in  the  masking  spec  trim  as  a function  of  tiie  level  of 
the  noise  band. 


Speech  Power  in  the  Sar  Canal; 

At  the  beginning  of  the  present  contract  period,  some  effort 
was  ejcpended  in  determ5.nlng  the  possibility  of  utilizing  speech 
power  radiated  from  the  ear  canal.  This  was  a follow-up  of  certain 
observations  made  imder  a previous  contract  by  Hirsh  and  Benson  (13) 
Dr.  Benson  measured  net  only  the  power  but  also  the  spectral  distri^ 
but!  on  of  this  power  and  found,  on  one  observer that  much  of  the 
hlgh“ frequency  energy  was  absent.  He  has  concluded,  therefor©,  that 
in  spite  of  certain  advantages,  such  as  the  remoteness  of  tiie  ear 
cianal  from  oxygen  valves,  this  source  of  speech  power  is  not  superior 
to  speech  picked  in  front  of  the  lips.  It  may  be  possible  that 
under  extx^mely  adverse  conditions  such  as  high  noise  or  high  alti- 
tude, the  ear-canal  sotirce  may  prove  more  satisfactory  than  the 
usual  sotzroe,  but  this  should  ba  determined  in  a laboratory  where 
hlgh-altltude  chambers  and/or  real  noise  sources  are  available. 


SICTIOK  IV 

OOHCLuBIOHS  AND  SulQiABX 


Completed  Works 

Althou^^  variability  among  different  talkers  msiy  introduce 
erx'ors,  it  has  been  determined  that  tsillgibilii^ 

(the  level  at  which  $0^  of  the  words  in  a list  are  recognized}  bears 
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a 11b®2«  ?siftti<Ki  to  the  level  or  «•,  brogid-spectna®  noise*  The 
signal -to-noise  ratio  aiay  be  as  low  as  ~13  db  ror  very  ^asy  irorda 
i.rx  a highly  contaxtuailssd,  llssitsd  vocabulary  and  does  not  aippear 
to  ozoeed  -£  db  even  for  dlffloult  material  like  nonsonse  syllables* 


When  bands  of  n-lse  5.rS"t-lvlSig  4?.ffer®nt  freauensy  r^^glons  are 

employed  to  mask  easy  »or-l3  (spondees)*  It  appears  thut  frequencies 
at  or  neaz*  1000  isp"  ^t>70-1900  ops)  are  the  most  effsctiv©. 

When  the  Intelligibility  of  different  kinds  of  speech  Is 
studied  In  relation  to  the  cutoff  frequeney  of  high-pass ' and  lom= 
pass  filters.  It  appears  that  frequencies  botveen  1000  and  2000  cps 
are  critical*  These  observations  crudely  corroborate  those  la  the 
previous  poragc-aph*  There  Is  no  evidence  from  tbese  studies  that 
easier  words  are  mere  dependent  on  lower  frequencies  than  difficult 
words*  Easier  words  ere  easier  and  therefore  reqtilre  only  a limited 
frequency  band  of  transmission  as  compered  to  that  required  for  more 
difficult-  words*  The  most  important  frequencies  are  the  same  In 

C&rnrvS  « ' - 


It  apps^s  that  tb#  pr'Scict5.on  of  word  Intelligibility  from 
the  physlcid  elmracterletics  of  a transmission  ^ t2S£  i appro— 

slmate,  and  then  holds  only  Tes^  systems  with  relatively  high  sigaal- 
to-nolse  ratios,  'ffhe  prediction  of  intelligibility  from  the  char- 
acteristics of  vary  noisy  systems  will  be  possible' only  after  fur- 
^er  work- 


The  concept  of  the  erltloal  bend  in  auditory  ^skiKig.  having 
already'  beon  validated  In  terms  of  masking,  also'  seems  to  hold 
irtien  defined  in  terms  of  the  absolute  threshold  for  the  band.  The 
ezoeption  at  lew  frequencies  warrants  further  study. 


ApplleatlOHB  f Ox-  the  Alir  Force i 

^ith  the  development  of  more  powerful  military  aircraft,  it  is 
apparent-  that  the  noise  levels  t-o  ^Ich  pilot,  ground  c]?ew  personnel, 
and  air- traffic  control  personnel  will  be  e^iposed  will  increase*  We 
may  reach  a point  where  '^le  designers  of  eomnunloations  equipment 
can  no  longer  meat  present  Air  Force  specifications  under  aetusQ. 
operation  in  noise*  The  results  of  our  ea^erlments  on  masking  sug- 
gest that,  unless  military  aircraft  specifications  require  listeners 
to  recognize  Isolated  items  as  difficult  as  nonsense  syllables  or 
monosyllabic  words,  these  specifications  ml^t  be  re-examined  with 
the  nossible  view  to  making  them  less  stringent,  requiring,  f or  sx=-- 
ample,  a certain  amount  of  intelligibility  for  two-syllable  words 
rather  than  the  present  SS%  intelligibility  for  monosyllabic  words* 

The  results  of  the  experiments  on  the  effect  of  filtering  on 
the  intelligibility  of  spseoh  indicate  that  the  potential  intelli- 
gibility to  be  resiled  from  a given  emamuni cations  system  cannot 
be  predicted  precisely  from  its  physical  characteristics.  It  is 


10 


AAA 


reooBri@uided(  therefore,  that  th©  aceeptsase  or  rejection  of  lelll- 
tary  oonmtuii cations  aqialpioent  continue  to  depend  In  part  on  formal 

articulation  testa. 

In  1^0  event  that  higher  noise  levels  or  a crowded  radio- 
frequency  spectrum  necessitate  limiting  the  bandwidth  In  a given 
communications  system^  our  results  support  the  conclusion  that  fre- 
quencies sielow  approximately  3O0  cps  or  above  approximately  i|0OO  eps 
may  be  eliminated  without  any  appreolabl®  detrimental  effect  to  In- 
telllglbtlltys  This  conclusion  should  bs  modified  by  a gtatement 
that  the  detectability,  as  distinguished  from  the  intelligibility, 
of  speech  will  be  enhanced  by  frequencies  below  fCO  cps  since  the 
bulk  of  the  acoustic  power  In  speech  lies  In  this  low-frequency 
range.  On  the  ether  hand,  if  a certain  fixed  acoustic  power  Is 
available  it  would  be  better  to  expend  the  energy  between  $00  and 
1|.000  cps  than  to  redistribute  It  so  as  to  include  a wider  frequency 
range. 


Future  Work; 

From  the  re8t^,t9  sv^®ij?is#d  i^ove*  certain  problems  present 
themselves  immadlately.  First,  the  critical  bandwidth  must  be 
measured  at  low  frequencies  with  a view  to  correotii'ig  extant  data. 
Second,  In  generalising  about  ^ne  preu^coxen  ox*  xnts.^^x gxoxxl ny 
from  physical  character-*  st-les,  the  squivalence  of  masking  a band 
of  speech  frequencies  to  eliminating  that  band  threugh  filtering 
must  be  ascertained.  Third,  and  following  directly  from  the  second, 
we  most  measure  the  pattern  of  masking  or  the  masking  spectrum  set 
\ip  by  given  bands  §e  in  terms  of  absolute  threshold  for  pure 

tones,  in  this  case  a threshold  measured  as  a continuous  function 
cf  frequency.  These  three  problems  are  among  those  proposed  for 
study  under  a new  Air  Force  contract. 
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